ABSTRACT: Our previous study demonstrated that allograft inflammatory factor-1 (AIF-1) is present in the vessels of infantile hemangiomas but neither in the vessels of vascular malformations, pyogenic granulomas, normal skin, placental tissues nor in the neovessels of squamous cell carcinomas of the tongue. The purpose of this study was to explore the impact of AIF-1 alterations on endothelial cells (EC). Stable introduction of AIF-1 to the human umbilical vein EC line (HUV-EC-C) in vitro revealed that AIF-1 enhances the proliferation and migration of the EC and promotes G0/G1-to-S-phase transition, accompanied by up-regulation of basic fibroblast growth factor (p Ͻ 0.05). In contrast, AIF-1 did not affect the expression of granulocyte colony-stimulating factor, VEGF-a, monocyte chemoattractant protein-1, or tissue inhibitor of metalloproteinase-1. AIF-1 expression was not induced by hypoxia, VEGF-a, basic fibroblast growth factor, or insulin-like growth factor-2 in EC. Taken together, these findings suggest that the impact of AIF-1 on EC would stimulate angiogenesis and consequently affect the progression of infantile hemangiomas. (Pediatr Res 67: 29-34, 2010)
I
nfantile hemangioma (IH) is one of the most common benign tumors of infancy affecting ϳ10% white babies (1) . It has three different phases: the proliferating, involuting, and involuted phase. In the proliferating phase, endothelial cells (ECs) with increased activity and proliferation comprise a large portion of the tumor, suggesting the important role of ECs in the pathogenesis of IH. The ECs of IH immunoreact positively with normal endothelial markers of the blood vasculature, such as CD31, CD34, factor-VIII-related antigen, Ulex europaeus lectin I, FMS-like tyrosine kinase receptor-1, and VE-cadherin, except for CD146 (2) . In addition to the normal endothelial markers, further immunohistochemical and gene expression studies have demonstrated that hemangioma ECs (hemECs) express glucose transporter type 1, Lewis Y antigen, Fc gamma receptor II, merosin (3) , and indoleamine 2,3-deoxygenase (4) during all three phases, whereas some ECs in proliferating phases, coexpress CD133 and lymphatic vessel endothelial hyaluronan receptor-1 (5, 6) , indicating that these cells are of placental origin or arrested in an early developmental vascular differentiation state. Recently, it has been verified that hemECs coexpress some markers typically associated with myeloid cells, including CD14, CD45, CD32, CD15, and CD83, demonstrating a close relationship between myeloid cells and hemECs (7) . Moreover, our previous study showed that some hemECs coexpressed CD68 and allograft inflammatory factor-1 (AIF-1) (8) .
The AIF-1 is a 17-kD, IFN-␥-inducible, Ca 2ϩ -binding, EF-hand protein that is encoded within the HLA class III genomic region and was first identified by Utans et al. (9) as a novel myeloid factor in rats, selectively expressed by inflammatory cells and inducible by IFN-␥. Human AIF-1 was originally cloned from activated macrophages in atherosclerotic allogenic heart grafts undergoing chronic immune rejection (GenBank accession number U49392) (10) . The precise function of AIF-1 is still unknown. It is assumed that AIF-1 is a novel molecule involved in inflammatory responses, allograft rejection, and the activation and function of macrophages (11) . It has been reported that AIF-1 is also expressed in macrophages and microglial cells in autoimmune diseases such as experimental autoimmune encephalomyelitis, neuritis, and uveitis models, suggesting that AIF-1 may play a pivotal role in autoimmunity (12) . Furthermore, serial studies have demonstrated that AIF-1 stimulates both proliferation and migration of vascular smooth muscle cells (VSMCs) and macrophages (13, 14) . Currently, AIF-1 expression was found in breast ductal tumor, and overexpression of AIF-1 facilitated tumor growth in female nude mice (15) . 1 The selective expression of AIF-1 in hemECs suggests that AIF-1 may play potential roles in the progression of IH. In this study, we tried to explore the impact of AIF-1 alterations on ECs activity, molecular changes in these cells, and the possible role of AIF-1 in the development of IH.
MATERIALS AND METHODS
Cell culture and treatments. The review board of the Wuhan University Medical Ethics Committee approved this study. The human umbilical vein EC line HUV-EC-C (ATCC CRL 1730) was maintained in DMEM media (GIBCO Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS; Hyclone, Logan, UT) and 0.03 mg/mL EC growth supplement (ECGS) in a humidified 5% CO 2 atmosphere.
For VEGF-a, basic fibroblast growth factor (bFGF), and insulin-like growth factor (IGF)-2 (PeproTech Inc., Rocky Hill, NJ) treatments, HUV-EC-C cells were seeded at a density per well of 5 ϫ 10 5 in six-well plates. Confluent cells were serum starved (FBS was eliminated in all the following experiments) for 24 h and then treated with 100 or 200 ng/mL IGF-2, VEGF-a, or bFGF for 24 or 48 h.
For cell hypoxia treatment, the culture dishes were sealed in a modular incubator chamber, flushed with gas containing 1% O 2 , 5% CO 2 , and 94% N 2 for 5 min, and incubated in this environment at 37°C for 24 or 48 h.
Transfection and generation of HUV-EC-C cells stable expressing AIF-1. The full-length cDNA of human AIF-1 was synthesized by Beijing Aoke Company (China) and inserted into the vector pcDNA3.1 (Ϫ). HUV-EC-C cells (a density per well of 2 ϫ 10 5 cells in 24-well plates) were stably transfected with 0.8 g of pcDNA3.1 (Ϫ)-AIF-1 plasmids using 2 L of Lipofectamine 2000 reagent (Invitrogen, Burlington, ON), according to the manufacturer's instructions. After 48 h of transfection, cells were trypsinized and replanted in DMEM with 10% FBS, 0.03 mg/mL ECGS, and 500 g/mL G418 (Amresco Inc., Solon, OH). G418-resistant clones (AIF-1-HUV-EC-C) were selected and expanded, and the populations of resistant cells were pooled to avoid the effects of clonal variation. HUV-EC-C cells transfected with the vector plasmids pcDNA3.1 (Ϫ) (Vector-HUV-EC-C) were used as the control. In all the following experiments, the AIF-1-HUV-EC-C and Vector-HUV-EC-C cells were maintained in DMEM supplemented with 10% FBS, 0.03 mg/mL ECGS, and 500 g/mL G418.
Western blot. Cells were lysed on ice with Protein Extraction Reagent (Pierce, Rockford, IL). Lysates were incubated on ice for 60 min and clarified by centrifugation at 13,000 ϫ g for 15 min at 4°C. Equal amounts of total proteins from each sample were separated on the 15% SDS-PAGE and transferred onto a polyvinylidene fluoride membrane (Millipore, Billerica, MA). Then, the membrane was immunoblotted with mouse anti-human AIF-1 [1:1000, a recently described MAb (8)] or goat anti-human beta-actin (1:1000; Santa Cruz Laboratories, Santa Cruz, CA), followed by incubation with secondary antibodies conjugated with horseradish peroxidase. Blots were visualized with enhanced chemiluminescence (Amersham Biosciences, Piscataway, NJ), according to the manufacturer's instructions.
RNA isolation, cDNA synthesis, and semi-quantitative RT-PCR assay. The relative change in mRNA expression was assessed as previously described (16) with modifications. Total RNA from AIF-1-HUV-EC-C and Vector-HUV-EC-C cells was isolated with TRIZOL reagent (Invitrogen), according to the manufacturer's instructions. The RNA (1.0 g) was used as the template for the synthesis of cDNA (20 L) with OligodT and AMV reverse transcriptase (Takara, Japan). One fifth of the cDNA was PCR amplified using Taq polymerase (Takara) and specific primers. The primers, annealing temperatures, and cycle numbers are listed in Table 1 . One fifth of the PCR products were electrophoresed in 2% agarose gel and stained with ethidium bromide. The intensity of each band was analyzed densitometrically by using GeneTools software (Syngene, Frederick, MD). The relative levels of mRNA expression were quantified by comparison with the internal control (GAPDH). All the samples were run in triplicate, and the results were averaged.
MTT (thiazolyl blue tetrazolium bromide) assay. Cells were resuspended and seeded into 96-well plastic culture plates (10 3 cells/well, six wells in each group). After seeding for 1, 4, and 7 d, the quantity of viable cells was determined. One hundred microliters of sterile MTT (5 mg/mL; Sigma Chemical Co., St. Louis, MO) was added to each well and incubated for 4 h at 37°C. Then, the MTT solution was carefully aspirated without disturbing the pellets, and the resulting blue formazan product was solubilized in 200 L dimethyl sulfoxide (Sigma Chemical Co.). The plates were swayed gently for complete dissolution of the crystals, and the OD values were determined at least in triplicate against a reagent blank at a test wavelength of 570 nm by spectrophotometry (Bio-tek, Winooski, VT). The values reflected the viable cell population in each well. The assays were performed in triplicate.
Flow cytometry. The cells (10 6 cells) were harvested by trypsin treatment, collected by centrifugation, and fixed with ice-cold 70% ethanol overnight at 4°C. Fixed cells were centrifuged and treated with 50 g/mL RNase A (Amresco) for 15 min at 37°C, and then, the cells were incubated with 5 g/mL propidium iodide (Sigma Chemical Co.) for 30 min at room temperature in the dark. The cell cycle distribution was detected by flow cytometry (Becton Dickinson, Franklin Lakes, NJ).
Wound healing assay and migration assay. EC motility assay was performed as described previously (17) . Cells were seeded into six-well plastic culture plates and grown until confluence, at which time monolayers were scraped with a pipette tip to create a linear wound in the center of the chamber. The wound tracks were immediately washed with PBS to remove any detached cells, and fresh media were added. At 72 h after wounding, cells were fixed and stained with acridine orange (Sigma Chemical Co.). Six random images were obtained using a fluorescent microscope with a camera (Leica, Wetzlar, Germany). Cell motility in terms of wound closure was measured by counting the number of cells that move into the wound in each field. Migration assays for ECs were performed in a modified Boyden chamber using a standard 48-well chemotaxis chamber (Neuro Probe Inc., Gaithersburg, MD), according to the method described by Yamaguchi et al. (18) . Eight-micron, nucleopore, polyvinylpyrrolidine-free, polycarbonate filters (Corning, Cambridge, MA) were coated with 100 g/mL of collagen type 1 (Amresco) in 0.2 N acetic acid for 2 d and air dried. The filter was placed over a bottom chamber containing 5 ng/mL VEGF 165 (PeproTech) in DMEM with 0.025% BSA. Cells were serum starved for 24 h and suspended in DMEM, and 10,000 cells in 50 L were added to each well in the upper chamber. The assembled chemotaxis chamber was incubated for 6 h at 37°C with 5% CO 2 to allow cells to migrate through the collagen-coated polycarbonate filter. Nonmigrated cells on the upper surface of the filter were removed, and the filter was stained with hematoxylin. The total number of migrated cells was counted, and the assays were performed in quadruplicate.
Real-time PCR assay. Real-time PCR was performed using RotorGene3000 Advanced (Dual Channel) Real-Time DNA Detection System (Corbett Life Science, Australia). The amplification protocol consisted of incubations at 95°C for 10 s, 62°C for 10 s, and 72°C for 30 s for 40 cycles. The primers and probes for VEGF-a, bFGF, and beta-actin are shown in Table  2 . All PCR reactions were performed in triplicate. The relative expression levels were analyzed using the "Relative standard curve methods" (19) .
ELISA assay. Cells were plated in six-well plates until confluence, and then 1 mL of the serum-free medium was added. After 24 h, the media were collected, and the secretion of VEGF and bFGF was evaluated using commercially available sandwich ELISA kits (R&D Systems, Minneapolis, MN), according to the manufacturer's instructions. Results were normalized by the number of producing cells and reported as picogram of growth factors/10 
RESULTS

Detection of AIF-1 expression in HUV-EC-C cells.
The mRNA and protein of AIF-1 were detected in AIF-1-HUV-EC-C cells (Fig. 1) , whereas AIF-1 was negative in either the normal HUV-EC-C or the Vector-HUV-EC-C cells. This result is consistent with the studies by Autieri and us, demonstrating that AIF-1 was not expressed in the normal blood vessel (8, 20) .
AIF-1 enhanced the proliferation and migration of HUV-EC-C cells. In previous reports (13, 14) , it was demonstrated that AIF-1 enhanced proliferation and migration of the macrophages and VSMCs. The results that only the ECs of IH expressed AIF-1 evoked our interest in understanding the role of AIF-1 in ECs; therefore, we performed MTT assay on HUV-EC-C either stably transfected with pcDNA3.1 (Ϫ)-AIF-1 or with empty vector. Significantly increased cell proliferation rate was observed in HUV-EC-C cells transfected with AIF-1 (an average of ϳ53%) compared with the EC lacking the protein (Fig. 2A, p Ͻ 0.01, n ϭ 6 ). The result from flow cytometry showed that AIF-1-HUV-EC-C cells exhibited a decreased proportion in the static phase (G0/G1) and an increased proportion in the synthetic (S) and mitotic phases (G2/M; Fig. 2B ). Therefore, expression of AIF-1 in HUV-EC-C cells promoted cell cycle progression from G0/G1 phase to S and G2/M phase.
We further investigated the effects of AIF-1 overexpression on the ECs chemotaxis. Cells were seeded into Boyden chambers, and differences in chemotaxis were quantitated by counting migrated cells. Figure 3A showed that cells stably transduced with AIF-1 migrated 2.15-fold faster (p Ͻ 0.01, n ϭ 4) Figure 3B showed that in contrast to controls, cell migration was dramatically enhanced in AIF-1-HUV-EC-C cells.
AIF-1 up-regulated bFGF expression in HUV-EC-C cells.
To further understand the mechanism by which AIF-1 modulates the proliferation and migration of ECs, the expression levels of granulocyte colony-stimulating factor (G-CSF), VEGF-a, bFGF, monocyte chemoattractant protein-1 (MCP-1), and tissue inhibitor of metalloproteinase-1 (TIMP-1), which are involved in the pathogenesis of IH, were evaluated by semi-quantitative RT-PCR assay. As shown in Figure 4A and B, there was a significant increase in bFGF expression in AIF-1-HUV-EC-C cells compared with the cells transfected with vector only (p Ͻ 0.05, n ϭ 3), whereas no difference was observed in the expression of G-CSF, VEGF-a, MCP-1, and TIMP-1.
Because both bFGF and VEGF-a are the most important angiogenic factors, which play critical roles in the pathogenesis of IH, we then further analyzed their expressions by real-time PCR. The results revealed the up-regulation of bFGF in AIF-1-HUV-EC-C cells (Fig. 4C , p Ͻ 0.05, n ϭ 3) but no difference in VEGF-a compared with control cells. In addition, ELISA assay also showed that the levels of bFGF in the media were higher in AIF-1-HUV-EC-C cells than those in the control cells (261 Ϯ 51 versus 153 Ϯ 36 pg/10 6 cells/24 h, p Ͻ 0.05, n ϭ 3) but no difference in VEGF-a (126 Ϯ 38 versus 143 Ϯ 27 pg/10 6 cells/24 h). Hypoxia, VEGF-a, bFGF, and IGF-2 could not induce the expression of AIF-1 in HUV-EC-C cells. Considering that AIF-1 is a cytokine-responsive transcript (21), we tried to determine whether the factors that are potential causes for IH, including hypoxia, VEGF-a, bFGF, and IGF-2 (22) (23) (24) , could induce the expression of AIF-1 in ECs. To test this, we treated HUV-EC-C cells with hypoxia, VEGF-a, bFGF, and IGF-2. However, the results showed that these factors, independent on the concentration and the time, could not induce the expression of AIF-1 in HUV-EC-C cells (data not shown).
DISCUSSION
According to the classification by the International Society for the Study of Vascular Anomalies, IH is clarified as vascular tumor (1) . We had reported AIF-1 expression only in the vessels of IH but neither in the vessels of vascular malformations, normal skin, pyogenic granulomas, or placental tissues nor in the neovessels of squamous cell carcinoma of the tongue. However, the role of AIF-1 in IH has not been elaborated. In this study, we observed that AIF-1 can enhance the proliferation and migration of EC, probably through augmenting the expression of bFGF.
AIF-1 is a polypeptide of 17 kD that contains a 12-amino acid region, similar to Ca 2ϩ -binding EF-hand domains (9) . Involvement of EF-hand family proteins suggests that the common amino acid motif is capable of binding intracellular free Ca 2ϩ , an intracellular second messenger. A wide variety of cellular processes, such as nucleotide metabolism, cell cycle control, differentiation, and signal transduction are regulated by oscillating shifts in compartment-bound Ca 2ϩ (25) . Studies on in vitro systems have demonstrated that AIF-1 transfection stimulated the proliferation of transformed VSMCs, T lymphocytes, and macrophages (14, 26, 27) . Our results showed that overexpression of AIF-1 in HUV-EC-C led to a higher cell proliferation rate compared with empty vector controls. Furthermore, the cell cycle examination by flow cytometry indicated that AIF-1-expressing cells moved more rapidly through the cell cycle than the control cells did, in as much as they peaked in S phase earlier. Nevertheless, our previous study showed that proliferating neovessels in squamous cell carcinoma and pyogenic granulomas expressed no AIF-1, suggesting that expression of AIF-1 is, but not indispensable, able to promote the proliferation of ECs.
Cell migration requires actin polymerization at the leading edge of the cell, and continuous remodeling of actin at the cell periphery is necessary to drive cell locomotion. AIF-1 inter- action with and polymerization of nonmuscle actin (26) prompted us to determine whether AIF-1 overexpression promoted ECs migration. Similar to what has been previously reported in human VSMCs and MOLT-4 cell (26, 27) , overexpression of AIF-1 increased ECs migration in vitro compared with empty vector controls.
Considering that both entry into the cell cycle and promotion of cell migration are driven by growth factors and that several growth factors are involved in the pathogenesis of IH, we tried to determine whether the enhancement of proliferation and migration in ECs transfected with AIF-1 was a consequence of growth factor expression. Other investigators have found that overexpression of AIF-1 leads to induction of cytokine expression. Watano et al. (28) have found that transfection of AIF-1 into a mouse macrophage cell line results in production of interleukin (IL)-6, IL-10, and IL-12 in response to lipopolysaccharide stimulation. Furthermore, a transgenic mouse with restricted expression of AIF-1 in lymphoid tissue (29) showed an exacerbation of experimental inflammatory colitis accompanied with an augmentation of inflammatory cytokines. Recent studies have demonstrated that AIF-1 can stimulate the release of cytokines, including bFGF, PDGF, TGF-␤, G-CSF, and MCP-1. However, the role of AIF-1 was quite variable among the different types of cells and even the same kind of cells with different maturation stages (13, 14, 21) . Angiogenesis has been considered as an etiology of IH (23); therefore, the angiogenic and antiangiogenic factors involved in the development of IH, including G-CSF, VEGF, bFGF, TIMP-1, and MCP-1, were tested in this study. Our result showed that AIF-1 did not affect the expression of G-CSF, VEGF, TIMP-1, MCP-1 but up-regulate the expression of bFGF. The positive effect of AIF-1 on bFGF was further supported by the parallel expression pattern of AIF-1 and bFGF, both of which are highly expressed in the proliferating and involuting phases of IH (8, 23) . Taken together, these findings strongly suggest that AIF-1 may augment the expression of bFGF in IH.
Recent research showed that both mitogen-activated protein kinase (MAPK) p44/42 and PAK1 signal pathways are activated in the ECs that overexpress AIF-1 without activation of p38 MAPK signal pathway (30) . The expression of bFGF has been shown to depend on activating MAPK p44/42 signaling pathway (31, 32) , and these results suggest that AIF-1 may promote the expression of bFGF through activating MAPK p44/42 signaling pathway. However, the kinase MAPK p44/42 has also been shown to regulate upstream signaling events that control the transcriptions of cytokines, including bFGF, G-CSF, TIMP-1, MCP-1, and VEGF (31) (32) (33) (34) (35) . Our results indicated that AIF-1 in ECs could only up-regulate the expression of bFGF, rather than G-CSF, VEGF, TIMP-1, and MCP-1. Together, these data provide impetus to explore the signal transduction pathways leading to up-regulation of bFGF in HUV-EC-C.
Because AIF-1 is a cytokine-responsive transcript, we tested whether the expression of AIF-1 in IH could be induced by the factors, including VEGF, bFGF, and IGF-2, that are potentially important mediators in IH. However, our results showed that none of the factors could stimulate the expression of AIF-1. Given that AIF-1 is an early-response gene in diseases (36) , the upstream regulator of VEGF, bFGF, and IGF-2 was further examined. Several pieces of evidences, at the molecular, cellular, and clinical levels, suggest a possible role for hypoxia in IH pathogenesis. Hypoxia is sensed by cells, which then responded by modifying gene expression. These modifications can enhance the survival of cells in low oxygen conditions as well as induce the expression of factors that promote the growth of new blood vessels. We sought to determine whether hypoxia, the upstream regulator of VEGF, bFGF, and IGF-2 in IH (24, 37) , could induce the expression of AIF-1 in ECs. The results showed that the expression of AIF-1 was not detectable in ECs even after they had been incubated under low oxygen condition for 48 h. Although bFGF induces AIF-1 expression in VSMCs (21), we and Tian et al. (30) showed that bFGF was not capable of inducing AIF-1 expression in ECs. The reason why bFGF could not induce AIF-1 expression in ECs needs to be further investigated.
In conclusion, AIF-1 can enhance the proliferation and migration of EC, probably through augmenting the expression of bFGF. The impact of AIF-1 on ECs would stimulate angiogenesis and consequently exacerbate IH. Further investigation is needed to determine which factor induces the expression of AIF-1 in IH.
